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INTRODUCTION 


The single aperture core has been utilized in various diversified pro¬ 
grams but our discussion will be restricted to the basic physics and appli¬ 
cation of the core in computer and Data Processing systems. A comparison of 
the singLe aperture cores will be developed. The theory presented should be 
absorbed to allow for its later application to more complex core analogies. 
The tape wound and Ferrite core will be used as the basic vehicle of presen¬ 
tation. 


PERMANENT AND ELECTRO-MAGNETS 


A review of the classical physics of magnetism will allow a more de¬ 
tailed understanding of the tape wound and Ferrite cores. Since magnetism 
is the ability of metals to attract other metals, it was found that magne¬ 
tic lines of induction exists in the magnets immediate area. The magnetic 
lines of induction are the flux lines, also one flux line is a maxwell. 
Figure 1 shows that the number of lines of flux passing thru one square 
centimeter is a measurement of the flux density in this area. 
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The symbol 3? is used for flux and the unit is the Maxwell; the symbol B 
is used for flux density and the unit is maxwells per square centimeters 
(gauss)s 

( 1 ) 

. B » S « $ 

Cp 2 

The permanent magnet in Figure 1 allows for the presentation of many anolo- 
gies. Two related magnets. Figure 2, show that there must be attraction or 
repulsion between two magnets (Like poles repel - unlike poles attract). 



Figure 2, 


The force in dynes has been expressed by the following equations 

(2) F « Mi • M2 Where M]_, M2 unit magnetic strength in 

^2 unit poles; d * distance between poles in 

centimetero 


The law states that the force in dynes is equivalent to the product of the 
unit pole strengths and the reciprocal of distance separating the poles 
(squared). When the force is viewed over a length of one centimeter, we 
are looking at the flux intensity, H, in oersteds! 

(3) H ■ F F *» force in ctynes, 

X 1 " length in CM, and 

H 83 intensity (flux) in oersteds 
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ELECTROMAGNETISM 

The field of electricity and magnetism were combined when a magnetic 
field was discovered to exist about a current carrying conductor. The in¬ 
tensity is a function of the current and distance from the conductor, (H) 

V 

/ T v Flux Line 

t j 

nan % 

r'* 


Figure 3. 

at point (P) is found to be a product of twice the current and the recipro¬ 
cal of ten times the radius. 

(k) H ■ 21 Where I is in amps and r is the distance 

lOr in centimeters. 

The intensity about the circumscribed point (P) is found by the equation* 

(5) H - 2TrI 
lOr 

It is further seen that the flux intensity is a function of the current 
which is causing it and that the above equations are simplifications of com¬ 
plex mathematical derivations. When a grouping of the conductor occurs, it 
is found that a solenoid exists if the length is 10 times greater than 
the radius. 
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Figure U. 


The intensity at the center of the solenoid (all flux linkages) is given 
by the equation following which includes the number of looped conductors 
that are adding to the field. 
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(6) H ■ hTTN I | where (N) is the number of turns, (I) is the current in 

101 amperes, and (1) is the length ip centimeters. Since 
principles of magnetism in this paragraph are relative 
to electromagnetic theory in contrast to permanent mag¬ 
net theory, the insertion of iron in the center of the 
solenoid tends to increase the amount of flux linkage 
by allowing an easier medium of flux travel. However, 
the ease of flux flow is the permeability of a substance 
and air has an easiness of magnitization constant of one. 
Ve find that there must be a method of classifications 
of materials in use. Permeability is the reciprocal of 
reluctance or 

(7) Mu (permeability) ■ .1 „ and the symbol is JU . 

reluctance 

Materials are classified accordingly as 

(8) (Mu) ju£ 1, paramagnetic material} 

(Mu) jj < 1, diamagnetic material} and 

(Mu)oji >> 1> ferromagnetic materials. 

Notes (See Chart 1) 

Then reluctance of air equals one equals the permeability of air. The 

reluctance is a function of the length of the flux paths and the area while 

the ease of flux flow is a constant (•»)} 


(9) R ■ 1 

4A . . 

The Ohms' Law of magnetism is that the Force in Gilberts is equal to the 
product of reluctance and flux. 


m m f « 

0 

Rel 

or 0 =* 

III 

m f 


Rel 

or Rel - 

m 

m f 
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To reduce a lengthy review it will suffice to state that H «* f ( Force ) 
or that the intensity is a function of the gilbert and centi- T 
meter. By plotting a simple graph of the following figure it is possible to 
define the many forms of permeability. 
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Figure $. 

Mu equals the quotient of density and intensity, JU ■ B/H. 

Figure 6 displays various values of permeability as well as the hys¬ 
teresis .characteristics of this metallic core. Hysteresis, to lag behind, 
is a graphical plot showing the various degrees of the magnetization lag¬ 
ging behind the magnetizing intensity. It is clearly seen that the ratio 
of Flux Density to its corresponding Flux Intensity is constantly varying 
and is constant only upon that particular point of inspection. 

GRAPHICAL ANALYSIS OF THE HYSTERESIS LOOP 


Assuming no past magnetic history of the material, it is seen that 
an increasing intensity in a positive direction will increase the flux 
density in an arbitrary north pole direction. As the intensity is reduced 
to zero, the magnetization remains at some point above zero (remanence 
point). When the magnetizing intensity is reversed, a certain amount of 
intensity is required to reduce the magnetization to zero (point B) and this 
intensity is known as the coercive force, usually a loss of signal induc¬ 
tion. A further increase in the same direction will bring the material to 
a maximum south pole magnetization (-Bm). Once the intensity is brought 
back to zero the magnetization will remain at -Br or +Br, depending upon the 
direction of the applied intensity *Hm or -Hm. Permeability being defined 
as the ratio of magnetization (B) to magnetizing intensity (H) allows the 
following definitions to be established. 

Mu initial 

The slope of the line (T) projected and then calculated with its ori¬ 
gin at zero. 

Mu maximum 

If the vertical axis is rotated to become tangent with the rising 
magnetization curve (T) , the slope of the tangent line will be the value of 
the maximum permeability of the material. Most manufacturers will specify . 
this value for magnetic calculations. 
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Ma differential 


The differential permeability is the permeability of the material at 
any point along the curve ( 2 ) . This value is usually expressed as 

(11) Mu d - dji, 

d H 

and is the most concise form of permeability calculation, although very 
seldom utilized because of the required complex mathematical manipulations. 

Mu at saturation 

Actually Mu saturation is the Mu of air (h) and corresponds to a 
direct variation of 

(12) B to H or Mu s - B - 1 , 

H 

and saturation always occurs when the slope of B/H is equal to 1. 

Mu incremental 


The value of any lines slope calculated between given limits and ex¬ 
pressed as 

(13) Mu ■ AB is incremental mu. 

AH 

Mu Average 

The line drawn from positive saturation to negative saturation through 
zero (?) will represent the average Mu. Since the area above zero is 
equivalent to the below zero area the slope of the line is constant and 

(111) Mu avg « A B along this line (?) . 


While plotting the graph it might be significant to indicate that the 
area of the hysteresis loop represents the power loss of the given material. 
This power loss occurs because there is no induction taking place from the 
remanence points to the coercive force points. (Assuming that a secondary 
winding is attached to the core for induction reaction purposes and the 
I 2 R m power loss.) 

When the flux intensity is found to be zero, one of two conditions must 
exist. These conditions are ♦Br (North Pole remaining magnetization) or 
-Br (South Pole remaining magnetization). These conditions will exist once 
the material has been exposed to a magnetic field and since this corresponds 
to two stable states, it is seen that this metalic core has bimagnetic sta¬ 
ble properties. A signal induced force driving the core from *Br to -Bm 
would cause a A.B S change. A signal driving the core from ♦Br to ♦Bm would 



cause a Bn change. A comparison of the ratio of Br to Bm would indicate 
the signal to noise (Bs to Bn) ratio in the form of a squareness ratio for 
the hysteresis loop, expressed as 

(15) Bs « IbtI 

This (15) is true because as Br approach Bm the difference Bn decreases 
whereas Bs the difference of +Br to -Bm approaches 2 Bm. Gores used to 
store information in one of the two stable remenant conditions usually have 
squareness ratios of .85 or better for significant reasons that will be 
discussed in a later section. 

Cores with air gaps are usually used in the Audio or Power frequency 
ranges whereas cores with the toroid or closed lap properties are usually 
associated with pulse applications (hi frequency components). Since pulse 
like signals are to be stored in digital systems, it will be more important 
to restrict our discussion to toroid type coresj more over, the advent of 
core storage devices brough about the need for more detailed theories of 
operation and applications of these devices. Higher permeabilities are 
required to approach the ideal data handling conditions, thus we see the 
introduction of the tape wound and Ferrite cores in toroidal form for 
storage purposes. 


HIGH MU MATERIALS - CHEMICAL COMPOSITION 


After many years of studying the atomic structures of various types of 
metals, the ferromagnetic core was developed. It has been found that 
materials such as iron (Fe), Nickel (Ni), Manganeses(Mh), and other materi¬ 
als have valuable magnetic properties when chemically combined with other 
substances. Since the discovery of the natural ferrite (Feo 0j|) lodestone 
experimentation has proved that any divalent material substituted chemically 
in this molecular arrangement will display a much greater ease of magnetiza¬ 
tion characteristics. The Equation for a ferrite (Hi Fe 2 0^) indicates that 
NiO may be blended with Fe 2 0q to form a nickel type ferrite, that FeO may 
be blended with Fe 2 Oq to form iron ferrite, and that Mn 0 ♦ Fe 2 O 3 may be 
blended chemically with Fe 2 Oq to become a manganese oxide type ferrite. 

He percentage of mixture and chemical blending is a carefully controlled 
process of firing the oxides at a pre-determined temperature to produce a 
material that will be referred to as the ferrite. Ferrites are usually 
poured in a toroid or closed loop solid core form of various specific di¬ 
mensions. It is natural to assume that the more carefully blended and formed 
ferrites require greater care in the manufacturing process, consequently, 
they cost more as the quality increases. 

The alternate method of manufacturing ferromagnetic (permeability much 
greater than one) cores is to chemically mix various types of metallic 
substances to form an alloy that is usually cast in thin sheets. These 
sheets are cut in small strips and then wound on a toroidal ceramic bobbin 
to become the well known tape wound core. The tape wound core is usually 
much cheaper to manufacture than the ferrite core. 
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VOLTAGE CALCULATIONS 

Utilizing Figure 7 we see that the two basic forms of the ferrite are 
the (a) cylindrical and the (b) rectangular toroid. The difference between 
the two is the shape and means of determining the cross-sectional area of 
the core. As indicated by (d), the mean length of flux travel is computed 
in a similar fashion for both cores. Figure 7 shows that the tape wound 
core area and length of flux travel may be calculated in a similar manner. 
Notice that the mean length of flux travel in inches is equal to the pro¬ 
duce of pi and one half the sum of the inner and outer diameter of the 
material or 

(16) 1 ■ qy( D * d ) inches| where 1 is the mean length of flux travel 

2 in inches, D is the outer diameter in 

inches, and d is the inner diameter in 
inches. The area for a circular toroid is 
defined ass 

(17) a « It r^j whereas the rectangular toroid is 

(18) a ® S2. The radius and sides are usually in inches. 

The length computation is due to the fact that flux travels only within the 
material and takes the form of a solenoid. For the convenience of the 
reader, the next concept will be presented in a step by step analysis. 

VOLTAGE VS PERMEABILITY 

(16) Recall that ED ** L di ■ N d 0 10"^j where E is induced 

dt d t 

voltage, i ■ current in amperes, t is time of change in seconds, and N is 
the number of turns, 3? ■ flux in maxwells where one maxwell is equal to 
10 “° Webers (laws 1 weber cutting one turn in one second « 1 volt) then 
Ed m Eq. 

(20) L di - H d| 10“ 8 

dt d t 

and „ 

L « N • dl X 10"° but i cause change of 1 and 
di 

ffi « BA or B ® 5S , and ja « B , and I « jc i H 
I HA 

(21) If i « >u H then i ®yiHA but H « l|.Tr N I where 1 is in cm. 

A ~~1CPX 

(22) Substitution for Fhi gives (1 ® juHA.) 

(23) L a NI 10“ 8 , L - N OuAH) 10~ 8 , 

T T 

then L - N jol A (UlrOT) X0“ 8 
I 10?X 

simplifying L * N A^u I4 "1TN 10“Q 

10.:i 

»C)c3 
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HYSTERESIS LOOP 


of a Ferromagnetic Material 



Core Dimensions Scale 


H * .01 Oerstedsper 

N = 10 turns Division 

B » 1 Kilogauss per 
Division 

Hm * .lU Oersteds 



Figure 8 










(2k) L * (litTN^ A /») (10-^)(1 in cm) ■ inductance in Henries,, 

(25) but if H ■ li If N I where 1 (length) is in meters 

103L 

(26) then L * A u 10-^ for length in meters 


It might he important to notice that the inductance and ffi are func¬ 
tions of permeability and consequently, 

E Q * L dl ■ N d § , the voltage induced will be a function of 
cTF d t 

permeability. 

The permeability is a function of the average inductance and fluxj con¬ 
sequently, the voltage induced by equation (19) would be the average voltage 
and also a function of the permeability. The developed equation (25) was 
introduced to show the relationship of flux Intensity in the M.K.S. system 
in comparison to the G.G.S. systems. The centimeter - Grams-Seconds system 
has been utilised in the past to deal with small units but more recent ex¬ 
perimentation haa^Introduced a system for the analysis of much larger para¬ 
meters with a minimum of cumbersome manipulations. The meters - kilogram - 
second system has been called the rational system of computation. (Most 
articles written on cores today utilize the M.K.S. system for explanation 
purposes.) 

Figure 8 gives the hysteresis loop and core dimensions of a typical 
core. Assuming that a set of signals are applied to drive the core in the 
same direction (North pole saturation) how are the following computed with 
the given characteristics? 

1. Find % (using Figure 8.) 

2. Compute A Bn 

3. Compute Bs 

!i. The core is in the ZERO state-how much current is required to 

drive the core to the ONE state? 

5. For an average time of 3 microseconds the A Bn is developed, what 
is the induced voltage? 

6. £>Bs occurs within an average time of 10 microsecondsj determine 
the signal-to-noise ratio. 

Solutions s 


1 . 



(10^ - .866 (Eq. 15) 


IS-FCD 


-11- 




2 . 


A Bn - Bm-Br - 15 (lo3) - 13 (10 3 ) - 2 (10 3 ) 

(Eq. 2 I 4 .) 


gauss 


A Bs - Bm + Br - l5 (10 3 ) + 13 (10 3 ) » 28 (10 3 ) gauss 

(Eq. 25) 

Hm * b 77 -H Im I in - Hm 10 3 I , when using M.K.S. (Eq. 25) 

103 1 b N 

system N ■ 10 turns, Hm ■ .lb oersteds, 1 ■ tt( D * d ) inches » 

2 

rr (5/8 + 3/8) inches * 77 '(l/ 2 tt ) ■ rr (1/2)(2.5b) ( 10 “ Z ) meters 

thus substituting ) 

Im - .lb (10 3 ) (77-) (1/2) (2.5b) (IQ" 2 ) 

b rr 10 

simplifying 

Im - .lb(i/2)fa j .5b& 9<3v .lb (2.5b ) - .lb (.317) - bb .38 mil- 
I, 8 liamperes 

4 (Eq. 16) 

(a) Eavg ojg$ ■ N 4 1 webers i but we must find N, ®, and t. 

A i 

N ■ 10 turns from the diagram. 

(b) In * BjjAj Bn ■ 2 (10 3 ) gauss or Max, and 


A * g2 * ( 1 / 8)2 u i/ 6 b sq. inehes. 

(1 sq. inch ■ 6 .b 5 sq. centimeters) l/ 6 b x 6 .b 5 “ .1 sq. cm. 
of area, substituting in (b) gives £ in as 2 (103) maxi • 
(10-1) or 2 (10 2 ) maxwells. Substitution in equation (a) 
gives: 

Eavg * 2(10^) (lO 1 "^) 10 , where 1 maxwell ■ 10"® webers. 

2 ( 10 “ 6 ) 

Simplification yields (2/3) 10 volts or 6.66 volts. Thus we 
develop 6 . 66 v as a noise voltage. 

(c) Eavg qJbs ■ N Ais webers (Eq 16) for l^ie 'sdlgriAib voltage . 

At 

Since A ■ .1 sq. cm, & is ■ 28 (10 2 ) maxwells and At • 

10 ( 10 - 6 ) seconds. The equation can be solved by substitution. 

Eavg 3ms ■ IQ (28) (10^) (10~®) 

1Q ( 1Cr 5) 

- ( 28 ) ( 10 2 ) ( 10 “ 2 ) 

’ , ys 
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• 28 volts as signal voltage. 

Notice that the calculations for the signal and noise voltages 
are average values. 

The signal to noise ratio may be expressed as (Eq. 5>0) 

a - |S - k.2 

; En 6.66v 

The s«tfari solutions were based on average values to avoid the more 
complex differential equation type solution. A further analysis 
will allow the average permeability to be computer which will lead 
to the value of the average inductance of the 10 turn winding. 

The slope of the line M c tt will give the average value of Mu ast 

(28) Mu avg * & Bt „ 30 (103) gauss m io7,ll*2 

AHt .28 oersteds 

Upon substituting the value of Mu average in the equation (Eq. 23) 
the value of the average inductance may be found. 

(Eq. 23) L avg ■ 1*1)- N 2 A ,u 10“^| 

1 

where L is inductance in Henries, N is the number of turns, A is the 
cross-sectional area of the core is square centimeters, and 1 is the 
mean length of flux travel in meters. The inductance computed for this 
specific case and the following values would be? 

a. N • 10 turns 

b. A * .1 sq. cm. # 

c. 1 * (1/2) (2.51*) (10” 2 ) meters 

d. Mu avg * 107,11*2 
then 

(Eq. 23) L avg « 1* Tr N 2 A m 10” 11 , 

1 

becomes L a ■ 1 * It (100) (.1) (107,11*2) 10“^- 

“ (1/2) (2.51*) (10- 2 ) 

- 1* IT (100) (.1) (107,11*2) 10“9 
K (1/2) (2.51*) (10“ 2 ) 

« 1*00 (.1) (107,lUg) 10-? 

1.27 

■ 1*0 ( 107 , 11 * 2 ) 10~ 9 

1.27 

■ 1371*000 (10-9) henries 

“ 3.371* (10~3) henries or 3.371* rah 
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The value of inductance (average) for the 10 turns of the core is 
3*37k millihenries. 


CORE APPLICATIONS 


The ferrite and tape wound cores have been employed in many fashions 
but the most significant utilization was in data handling devices. This 
value is true because of many factors, including the storage capability of 
this type of device. Recorded proof has shown an ability of the core to 
store data for several years without using any form of power consumption. 
After discussing transformer notation we will develop a few simple data 
handling networks to exemplify the typical usage of cores. Transformer 
notations - The transformer is a device utilizing the principle of magnetic 
induction for voltage transfer characteristics. 



Figure 9 


(N^) primary winding - the winding in which a current has been directed 

(N 2 ) secondary winding - the winding in which a voltage has been induced. 
The dot notation is used to give an indication of the induced poten¬ 
tial from the primary winding into the secondary winding. The conven¬ 
tional current application causes 1^ to flow into the dot side of the 
primary winding (Figure 9). The current sets up a flux travel which 
induces the indicated polarity in the unloaded secondary winding. The 
current I 2 flows into (N 2 ) the secondary winding through the leakage 
and mutual inductance. 
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The conventional current flowing in the primary winding (l^) caused 
by e^ will cause a flux to exist as indicated (Figure 10) <, The flux will 
induce a voltage ( 03 ) in the secondary (N 2 ) M the previews ease (Figure 
9). The current flowing in the secondary (I 2 ) will be in a direction to 
oppose the flux change which causes the current change (L-ena*s law), The 
current will flow thru the load and back thru the secondary (N2). The flux 
direction in the secondary (using the right hand rule) will be now opposing 
the initial flux. An alternate theory is that the voltage in the secondary 
(induced) must act as a generator for the load and consequently establish 
the necessary counter electromotive force to produce the opposing flux 
change. 

Since the transformer polarity of output is dependant upon the common 
point, it would be wide to notice that any polarity may be obtained with 
the proper phasing (grounding connections). Two examples are shown in 
Figures 11 and 12. 



Figure 12 

“ 15 >= 
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Figure 11 shows a method of driving the second amplifier, through the 
use of a pulse transformer, with the same signal polarity as the input sig¬ 
nal. The second stage is being gated on or allowed to conduct. Figure 12 
shows the same pulse transformer arranged to drive the second stage into 
its cut-off region. The only restrictions on transformer wiring arrangements 
are the number of leads on the transformer. The usual case will find four 
leads which will allow ary reasonable circuit orientation. A unique case 
is found when two leads are made common by the manufacturer to restrict the 
number of leads to three at the transformer base. Obviously, the later case 
may only be used in specific design applications. 

Although the transformers of the previous discussions were analyzed on 
the basis of perfection, practically they practical power losses due to 
Eddy currents will be large in a conventional transformer core. Laminated 
and powdered core forms have been used as the conventional means of reduc¬ 
ing these effects. A pulse transformer utilizing a ferrite core will not 
be greatly concerned with this problem because of the high resistive 
characteristics of the semi-conductor core. 


BASIC BATA HANDLING CIRCUITS 


The cost of a batch of cores usually determines the design characteris¬ 
tics. As the squareness ratio and reciprocal of switching time increases 
the cost per core will usually Increase. The cores to be discussed may 
either be ferrites or tape wound and will have a squareness ratio of 0.85 
to 0/95 with a switching time of from 10 microseconds to 1 microsecond. 
Figure 13 and the following figures will be presented to further the under¬ 
standing of basic core logic, while preparing us for the eventual fabrica¬ 
tion of a core type serial full adder. 


The single diode transfer loop is an example of a typical basic data 
handling network. The following analysis will show the basic considera¬ 
tions for a two core system. 

SCHEMATIC 


Ai input 




output 
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Figure lit is a representation of the single diode loop with the core 
characteristics as indicated on Figure 13. The rules of design are 

1. Current directed into the dot side of a core winding will pro¬ 
duce a flux intensity which will be sufficient to drive the core 
flux to negative saturation. The core is said to be in the ZERO 
state of flux density and data storage. 

2. Current directed into the non dot side of a core winding will pro¬ 
duce a flux intensity that will cause the flux density to be at 
positive saturation. The resulting state of the core is labeled 
the ONE state or data stored condition of the core. 

3. While the signal is applied, the core flux density will be at 
saturation. Figure 13 determined by Hm. When the signal is re¬ 
duced to zero the core flux density will assume its remamence 
condition Br. 

k. A signal applied will always produce a current and intensity of 
magnetizing magnitude. 

5. Primary design parameters will be majorly concerned with forward 
flow of information, from input to output. 

6 . A core will always be cleared before loaded. 

An analysis is now possible since we have established the males of 
operation. The analysis will use the conventional current flow rule - cur¬ 
rent flows from the most positive to most negative points. The following is 
a detailed sequence analysis: 

a. A shift pulse is applied to winding (Ntj) clearing the core ®B“ to 
the ZERO state. 

b. A shift pulse is applied to winding (N2) clearing the core “A® to 
the ZERO state. 

c. BAta (Al) is applied setting core ®A“ to the ONE state. 

d. A pulse (SI) is applied to clear core “B® to the ZERO state. 

e. A pulse (S2) is applied causing core “A® to be set to the ZERO 
state and produces an output signal (Figure 13 - Bs) which 
causes core “B® to be set to the ONE state. 

The timing of pulses will be as follows in Figure 15. 

Notice in step e, data bit number one is stored in core “B® and since 
this represents (I and II) the end of one cycle of operation (Data bit plus 
a set of shift pulses), the data is being stored in core ®B®„ The two 
core arrangement with the satisfying shift pulse organization will only be 
able to store “one bit of data per two cores®. Often we call this a two- 
core per bit storage system. 
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Hysteresis Loop for a Tape Wound 
Deltamax Core 
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Figure lf> 

Utilizing the presented transformer theory and the pulses established 
in the previous paragraphs, a current flow analysis will be evolved. Cur¬ 
rent flowing in the non dot side of winding N1 will cause the core "A" to 
be set to the ONE state, this change of flux will be a function of a large 
flux density change (Figure 13). The current flow from the winding N3 
will attempt to flow into the dot side of winding Nit, but the current is 
also attempting to flow against the high back impedance of the crystal 
rectifier cr-1 which limits the current in winding Nit to a few micro¬ 
amperes (see Figure 16). The core "A" is now temporarily storing the input 
data (Figure 10), while core “B* has retained a “disturbed" zero state 
(Figure 13). The disturbed ZERO occurs when the resulting applied current 
is one half He or less an produces a small output voltage. 
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CRYSTAL CHARACTERISTIC CURVE 




When the shift pulse (SI) is applied to core M B M (Figure 13, point 3), 
the core is driven from Br* to saturation - Bm the noise voltage caused by 
Bn will increase by a small fraction in the output (Noise signal growth). 

The pulse (S2) applied to core ''A” now causes M A W to switch states, produe- 
ing a flux change of Bs. The step up ratio of N2 to N3 causes Gr-X to 
pass a greater current into the non-dot side of the winding Nil. This lit 
current causes core "B" to switch from the ZERO state to the ONE state, 
consequently impressing a noise voltage across the load resistor. At the 
end of cycle number one we again notice that the data is held by core »B* 
not core "A** - proving that this is a two core per bit storage system. A 
read out of core “B* with a stored binary one will now be considered. A 
shift pulse (SI) applied to N5 will cause a flux reversal within the core 
material. The flux reversal will induce a voltage in the winding N6 which 
will be of a magnitude determined by the flux change value| the crystal Cr-X 
will pass the current through Rj, to cause a voltage drop representing the 
signal change. In coincidence with this change, a voltage will be induced 
into winding NU which will cause a current to flow through the Cr-1 forward 
impedance after passing into the non-dot side of the winding N3. This 
current will attempt to set core "A" to the ONE state (back transfer of data). 
The NS> to NU step down ratio will attenuate the back transfer voltage so 
that the small voltage will drive a minute value of current into the high 
impedance 60 turns of N3. The non linear operations of Cr-1 will also aid 
in reducing the back transfer of data (see Figure 16, area 2). The sig¬ 
nal to noise voltage comparison is seen in Figure 17. Point “A 8 * indicates 
the conventional ratio (iul), while point »B tt indicated the sense time 
ratio of signal to noise. 



The Est signal to noise ratio may be obtained by reading the output 
(Tl) time from (TO) time zero. This sense time arrangement is usually in¬ 
corporated in memory plane configurations rather than the conventional data 
processing and storage register circuitry. Chart 1* and Figure 13 may bs 
studied as an indication of the Noise Signal Growth convictions. The 


Cl 
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transfer o& data from any core in the single diode loop establishes a re¬ 
sultant ZERO state, therefore the name of a destructive read-out system. 

The logical representation of the single diode transfer loop is repre¬ 
sented in Figure l6„ Each core representation is a circle with the core 
identification inscribed. Arrows directed towards the core indicates the 
signal application! wherein, the number within the core indicates the state 
of the core after that particular signal has been applied. The connection 
from core to core indicates the transfer ability of the device. The ZERO 
in the preceding core indicates that the diode connection is such that a 
signal will be passed to the following core when the preceding core is 
switched to the ZERO state. The ONE in the second core indicates the con¬ 
dition of this second core after the signal has been fed from the preceding 
core. The arrows to the ZEROS in the cores indicate with SI and S2, the 
shift pulses, the condition of the core after these pulses are applied. 

When a number of cores are hooked in series, they are usually utilized 
to shift and possibly store data from unit to unit. 




Figure 18 - Two Core Per Bit Shift Register and Timing 


Since for each two cores only one stores data, we see that for six cores 
we may store three bits of data. System of analysis - overall arrangement 

Basic Arrangements ? 2 cores 6 total cores 

bits stored 1 3 total bits stored 

but assuming any number of cores or for example - 96 cores in a two core 
per one bit system - basic arrangements 

shift pulses (cores) 2 *. 96 cores total bits stored 

bits 1 X 


00 


2 X ■ 96 

X JU.8 bits total storage 


IS-FCD 


-21- 














Notice that this arrangement only requires two shift pulses per set of 
cores; however, they are used over and over again, therefore in (h) the two 
represents the number of shift pulses per set. (X) also represents the num¬ 
ber pf sets (SI and S2) of shift pulses required to load or unload the shift 
register. Power assumption is at a minimum because we only have two lines 
for the shift pulses - example? 


. C F X U 

>—fYYlJ!fYY\IfHX_j^^ 

FROM £>/?! VCR. rn It < 

(P Lass - (itf R 



(S3) 


P LOSS = (jri^R 



OK) 


Figure 19 - Drive Winding Arrangement (series) for Figure 18 



i 


Figure 20 - Three Gore Per Two Bit System and Timing 

Figure 20 shows a 3 core per two bit shift register which will be 
analyzed the same as the previous register. 



Original system 


Total system 


(shift pulses) (cores) 3 

2 k 

cores total 


bits stored 2 

or 

3 2h 

2 X 

X 

bits total storage (load or 
unload sets of shift pulses) 
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3 X « 1*8 

X “ 16 bits total storage 
* (sets of pulses for loading) 

If 72 cores were used In the same system - 

(Shift pulses per set) (cores) 3 ■ 72 cores total 

Basic bits stored 2 X bits total storage 

*(sets shift pulse for load) 

3 X - Ihh 
*X » 1*8 

1*8 bits of data stored and 1*8 sets of shift pulses for loading or unloading 
the entire system,, 


The greater the number of cores used in a system, the greater number of 
bits stored, and the greater becomes the power losses in respect to other 
core systems. The core registers are more efficient than vacuum tubes 
because no power is consumed in cores while storage is in process. For a 
more detailed description of the various shift and storage register core 
configuration consult - Bimag Circuits for Digital Data-Processing by W. 
Michle, Burroughs Corporation. 


The double diode loop was assembled to compensate for the disadvantages 
of the single diode transfer loops. It may be seen that problems of un¬ 
conditional transfer of data, noise growth, and many other problems common 
to the single diode loop will become extinct with the analysis of the 
double diode loop (see Figure 21). 

T>'(t i) 



Figure 21 - Double-Mode Transfer loop 
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DOUBLE DIODE TRANSFER LOOP 


Figure 21a shows the schematic diagraom of the double diode transfer 
loop with a resistive load on the output line to develop the systems 
indicated voltage. 

Static conditions - 

(Kp) N1 - set winding which puts core H A H in the ONE state. 

(q*) N2 * signal winding - puts core n A w in the ZERO state. 

(p«) N3 - signal winding - puts core "A 1 * in the ZERO state. 

(Op) Nl; - output winding of core "A** 

Nf? - split winding - upper half sets core w B tt to the ZERO state, 
while the lower half sets core *B n to the ONE state. 

(r) N6 - signal winding - sets core “B* to the ZERO state. 

(op2) N7 - output winding core w B n * feeds cr3 and R1 to develop E'p. 

Operation - 

#Note? (See Figure 21a and c). A. Cycle #1 - The application of Kp sets 
cores "A" to the ONE state. Signal p’ applied causes core ”A n to be set 
to the ZERO state. The induced voltage in Nil has no path for current flow 

so that core tt B B is not disturbed. Signal q* applied attempts to set the 

already established ZERO state of core "B". The application of Sx finds 
the following sequences of reactions? 


1. The Sx current splits to flow through crl and cr2 thus becoming 
II and 12. Since the crystal characteristics are equal the 
currents are equal, 

2. Each half of N5>' s intensities are equal and opposite, moreover 

the intensities cancel to cause no effect on core “E* 1 . f 

3. Winding Nil has a very low impedance while core "A" is being driven 
in the same ZERO saturation direction. Cores "A" and W B* remain 
in the ZERO state, while the signal r which is applied to core **B W 
has no effect in producing an output Eo. Cycle 3 and 5 will cause 
the same effective operation of the loop. 

B. Cycle #2 

The clock pulse will cause core “A* to be set to the ONE state. The 
absence of signals p* and q* will allow a static ONE state condition of 
core M A* until Sx is applied. Sx applied will cause the following actions? 
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Core A state zero 


Sx 


ru 



#1 


Cycles 





1, Sx current splits thru each half of N5 to become equally H and 
12. The crystals crl and cr2 will pass the currents because of 
their forward characteristics. 

i 

2, II will cause core **A W to switch to the ZERO state which causes 
the Nil impedance to increase with the effect of reducing the 
magnitude of current H (see Figure 22). 

3, 12 seeing II on the decline produces an intensity which drives 
core "B" to the ONE state. The currents again become balanced 
but the cores continue to switch after having gained the required 
switch inertia. 

The result is core A now in the ZERO state with its data appropriately 
stored in core "B*. The signal r applied to core W B W causes tt B w to switch 



to the ZERO state, to produce an output voltage in N7, to force cr3 into 
conduction, to produce a current flow into R1 and to produce an output Eo 
which indicates that data has been processed through the double diode loop. 

The operational characteristics should have clearly established the 
advantages of this circuit compared to the single diode loop as 

1. A transfer of data from core "A 1 * to core “B B happens only at Sx 
time and if the core B A n is in the ONE state (conditional trans¬ 
fer). 

2. Gore B A B switching operations have no related effect controllable 
by core •‘A* or core B B". 

The data in both cores will be last at read-out time (Destructive read-out). 

Logically we see another inherent function of this loop. When feed¬ 
ing core B, the line is represented as signals p» or q* netted - (p* + q»)« 
and functionally is p«q. This signal is fed to core »B* and in order to 
produce an output Eo little r must be present. 




Functionally Eo ■ (p* ♦ q*)* • r • q * q • r 

Core "A"' s arrangement serves as an OR gate, while core B B tt functions as 
an AND gate. 

The "Exclusive OR" circuit 

Figure 23 shows a schematic and logical representation of the "Exclusive 
OR" circuit. The truth chart indicates the binary operational reactions of 
the circuitj moreover, it is noticed that an output occurs only when either 
A or B is present but not when A and B are present. It must be recalled 
that when a core is switching states the impedance is relatively large be¬ 
cause Z ■ f (L) or Z • XL • L 0 M wherein Mu at this time is large in 
magnitude. Remembering this we will proceed to consider the following 
three cases* 

1. A and B are not present - 

a. cores A, B, C, and D are in the ZERO state. 

. b. Tx applied causes II ■ 12 to be generated and flow through the 

upper and lower legs. 

c. cores A and B being in the ZERO state offer a small impedance 
which has little effect on current caused series bucking 
effect of the cores C and D set windings. C and D remains 

in ZERO state. 

d. Tg applied attempts to set core E to its already ZERO state 
causing no output signal to be present when S, the shift 
pulse is applied. 

e. conclusions - A' and B* * Eo* 

2. A is present and B is not 

a. core A is in the ONE state, while core B is in the ZERO 
state. 

b. Tx applied finds I, attempting to switch core "A" to the 
ZERO state (high Z), thus the flow of 12 exceed II and 
switches core "D" to the ONE state. Core "A" continues to 
switch to the ZERO state, while cores *C* and "B* retain 
their initial conditions. The data stored in "A" is now in 
core "D", 

c. T? applied will set cores C and D to the ZERO state and "D" 
will generate an output voltage to set core "E" to the ONE 
state. The data stored in D is now found in "E". 

d. The shift pulse, S, causes core E to switch to the ZERO 
state and produce an output, Eo. 




Figure 23 

Exclusive "OR" Circuit 
(a) Schematic 




(b) Logical 



AB» + A'B(Si) 







e. Conclusions? - If A » B* or A' • B are present a® output, lo 

will be generated. A signal delay of one cycle is present from 
A or B input to eo generation. 


3. •‘A* and "B* are present - 

a. cores "A" and “B B are set to the ONE state. 

b. Tx applied will cause II and 12 to flow through legs 1 and 
2, attempting to set “A" and “B 1 * to the ZERO state (high Z). 
Since both legs are looking into the windings of switching 
cores, the resulting currents will remain equal and the 
opposing winding arrangement will inhibit data transfer. 

c. Tg finds no output generated from cores "C" and n D w , thus 
no signal is transferred to core n E w . 

d. S applied will cause no change in the output winding of core 
"E B , consequently eo will remain at a zero level. 

e. Conclusion? - If A and B are present or A' and B*, 

(A«B or A*•B*), the data is inhibited to cause no output ef¬ 
fects. 

U. Rules of operation - An output, a 0 will only be produced if A or 
B is present but not if both A and B are present. The Exclusive 
OR functional notation will be the encircled plus sign, + , 

see Figure 2k) 


A 

B 



Figure 2lj. 

Exclusive OR Functional representation 
e 0 - AB' + A’B - A + B 

e 0 ' - AB + A»B« - (A + B)» 

SERIAL FULL ADDER FABRICATION 

Having developed the basic logical circuits required for the adding 
functions, we may now proceed to consider the requirements of a Serial 
Full Adder. The basic equations may be derived from an analysis of the 
basic adding functions of the given orders a, b, and c. 
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orders 

msb 

X 1 

C 

b 

Lsb 

a 

Designation 

Augend 

0 

1 

1 

1 

A 

Addend 

0 

1 

0 

1 

B 

Old Carry 

1 

1 

1 

0 

C 1 

New Carry 


1 

1 

1 

£2, 

Sum 

1 

1 

0 

0 

s 


Figure 2 $ 

When adding A and B it is found that either may have one of two possible 
conditions (Binary system), and in order to generate sum in Figure 25 we 
must have A, B, and a carry. The total number of possible conditions will 
be found to be 2^ ■ 8 which is the basic count of from zero to seven. 


Truth Chart: cases 

A 

B 

Cl 

s 

C 2 


0 

0 

0 

0 

0 


0 

0 

1 

1 

0 


0 

1 

0 

1 

0 


0 

1 

1 

0 

1 


1 

0 

0 

1 

0 


1 

0 

1 

0 

1 


1 

1 

0 

0 

1 


1 

1 

1 

1 

1 



Figure 

26 




From Figures 25 and 26 general equations for the sum and carry may be 
stated as: 

S “ f (A, B, G) and 
G ■ g (A, B, C). 

Upon recording the conditions of Figure 26 (blocked), we may derive specific 
equations for the sum and carry. 


By case - Sum ■ 1, 2, k, and 7 


S - A'BC + AB»C + ABC* + ABG 


and the Carry * 
C - 


cases 3, 5, 6, and 7 
A*BC + AB'C + ABC* * ABC 
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Notices 


1. In a true multi-order adder device the carry ia a function of the 
machine and not the output (see Figure 27). 

2. The speed of addition is determined by the speed of the carry 
generation. 



Figure 27 

Recalling the "Exclusive OR" arrangement, it is seen that the follow- 


ing 

is true. 








(1) 


B 

C 

X 








0 

0 

0 

- 

B* 

x C* 

» 

X 1 


b. 

1 

0 

1 

m 

B 

x C» 

» 

X 


c. 

0 

1 

1 

m 

B« 

x G 

88 

X 


d. 

1 

1 

0 

" 

B 

x C 

» 

X* 

(2) 

or 

x * 

B.C* 

+ 

B»C 

- 

B + 

G 


(3) 


x * 

B.C 

+ 

B'C* 

. 

(B + 

c) 

1 


The above equations will allow an "Exclusive OR" revision of the 
specific sum and carry equations as seen above. 


S “ AB‘C* + ABC * A‘BC« + A’B'C 
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S » A(B 2 3 * 5 C 5 + BC) + A«(B0* + B’G) 
simplified from 

(3) (B 5 C 5 + BC) - (B * C)» 

(2) (BC 5 + B 5 G) - (B + C), 

S * A ( B + C)« + A'(B + C) 

then let (B + C) ® g, the® substitution gives 
S - A2' * A«Z 

from (2) (AS 5 ♦ A 5 8) ® (A + 8) 

S s A + 1 

substituting gives S ■ A + (B + C) 

and the carry is found to be 

G * ABC 5 + AB 5 C + A'BC + ABC 
- A(BC 5 + B 5 C) + BC (A 5 + A) 

A(BG 5 + B 5 C) + BC simplified from 

G - A(B + C) + BC (2) (BG 5 * B’G) - B + C 

Notice that the carry equation has been arranged to allow for utiliza¬ 
tion of the common exclusive or circuit. Figure 28 indicates the exact 
functional arrangement. 

Figures 28 and 29 will indicate the functional and operational core 
arrangement which produces the serial full adder. The following two eases 
will be discussed to show the general operational procedures (see Figure 29) o 

1. A and B are present (Binary l 5 s) with NO carry. 

a. Shift time one, (S]_). 

(1) A at Si time sets cores ?21 ' to bhe ONE state, while setting 
A22 to the ZERO state. 

(2) B at time sets V^i to the ONE state, while setting A10 
to the ZERO state. 

(3) Carry, Co being W 0 M is shifted to ?iq Si time, 

b. Shift time two, S 2 

(1) S 2 transfers the binary one in ?n to V-jo and the logical 
"0* from ?i 0 to ? 12 . 
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(2) Sg finds no transfer of data from Aj_q to A^o 
Co Shift time three, S3 

( 1 ) S3 transfers the data from 7^3 to A21 and 7 gQ while T^g's 
omtpat is not present. 

( 2 ) S3 does mot cans® An to set A12 to the ZERO state. 
d„ Shift time four* S^ 

(1) Slj finds cores V2X and 7 gQ containing binary ones, thus a 
transfer is inhibited. 

(2) S^ does NOT cause A 22 to set A 21 to the ZERO state. 
e„ Shift time five, S3 

(1) S3 transfers nothing from 722 and 723 so that the sum indica¬ 
ted by the state of TR 1 is ZERO. 

(2) S3 finds A21 in the ONE state, thas core AX2 is set to the 
ONI state for an indication of carry ONE to the next order. 

( 3 ) S3 presets A 22 and' A10 to the ONE state. 

f. ConclasioBss Since we fed in two binary ones, extracted a sum of 
zero and indicated a carry for the next order, we may conclude 
that this circuit will perform the basic adding functions require! 

Assume that A and Co are present (Binary M X ffi ) and B is mot present 
(Binary ® 0 ®) 

a. Shift time one, S]_ 

( 1 ) Si applied will allow A to set V21 to the ONE state. 

( 2 ) Sj will cause A to set core A22 to the ZERO state. 

( 3 ) Core A12 will shift a "l u to cores 7 ’iq and An, while »B® 
input has no effect. 

b„ Shift time two, Sg 

( 1 ) -Sg will allow A10 to set An to the ZERO state. 

(2) Sg applied shifts the *1* in 7 iq to 712 and the **0® from 
?U to 7x3° 

c. Shift time three, S3 

( 1 ) S3 will allow All to have mo effect on Axg. 





(2) S3 will shift the '“l* 4 in core ¥12 to ¥20 and A21 
d„ Shift time four* S^ 

(1) Sf| finding data in ¥21 and 7 2 o» B0 ^ cause data transfer 

to ¥22 and ¥230 

(2) Sjj will allow A22 to have no effect on A 2 i° 
e 0 Shift time five, S3 

(1) S3 will transfer the W 1 M in A21 to A12 to indicate a new 
carry for the next order, 

( 2 ) S 3 will not find any data to be transferred to core TKL S thus 
an indi,cation of a sum **0 W „ 

( 3 ) S3 will preset A10 and A22 to the ONE state, 

f 0 Conclusions? •» The applied A ■ "l w and Co ® M l w with B s “O® 

produced a sum of zero and an indication of a new carry* thus we 

may conclude that the carry circuit will function properly, 

A complete Serial Full Adder assembly will resemble the example system 
shown in Figures 31 and 32 , Although the M,S„R, shown is organized to 
handle a five order arrangmsnt in the input circuit, it is possible to alter 
the system to allow for a more elaborate input section. The only basic 
requirement is that the output section M,S,R, must be designed to facilitate 
one additional order for the generated sum. The input and output section 
timing is a function of the adder’s timing necessities. Figure 30 indicates 
the core winding configurations required for the Serial Full Adder, It is 
advisable for the reader to plot the timing diagram of the least one complete 
set of orders to gain a better understanding of the function operation (flux 
diagrams found in Figure 17 will be helpful)„ 

SUMMARY 

The advent of the ferrite and metallic core has paved the way for many 
new computer solid state designs. The information presented on the cores, 
data handling loops* and the adder was organized to give the reader more 
insight as to possible core applications not the atomic theory of the core 
itself. The analogies are to be accepted more as a general aid and not as 
a conclusive report. Chart ¥ will give a brief survey of the various 
applications and characteristics of ferrites* while a Xeter information 
sheet will be devoted to the atomic theory of bimagnetic core analysis. 

That temperature of operation in an inverse function of the ferromagnetic 
core is clearly seen in the later atomic studies and should be considered 
in the general core’s circuit design. The bibliography found on the last 
page of this information sheet should prove to be most enlightening to the 
progressive reader who desires additional specific information. 




